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Development of Bearings with Insulating Coating to Resist

Electrical Corrosion in HEV/EV Units

S. Katto

As environmental issues such global warming continue to grow in importance, the automotive industry is actively taking

efforts to reduce environmental impacts through the release of hybrid electric vehicles (hereinafter HEVs) and electric

vehicles (hereinafter EVs). The high-speed, high-efficiency, and high-output bearings that support HEV/HV drive motors can

be easily damaged by the flow of high-frequency current through the bearing. Damage from electrical corrosion (electrical

erosion) is becoming more frequent, increasing the need for solutions.

Ceramic balls are highly insulating and already widely used; however, their low availability, high price, and replacement

requirements have stifled demand in recent years. In response, NSK has been developing low-cost electrically conductive

grease and seals, but maintaining high conductivity to further suppress damage has remained an issue.

Here, we introduce the development of a specialized insulating coating that aims to replace high-cost ceramic balls.
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How Hub Unit Bearings Contribute to Carbon Neutrality

M. Kato

Global warming continues to progress year by year, making countermeasures urgently needed. Carbon neutrality is a

crucial first step in reducing the percentage of greenhouse gases in the atmosphere that cause global warming.

Carbon neutrality is achieved by balancing carbon dioxide emissions from human activities with their removal from the

air. As automobiles are a major source of emissions, improving their energy efficiency is a major area of focus.

Here, we describe how hub unit bearings, as critical components that support the wheels of automobiles, help to realize

carbon neutrality.
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Development of Magnetostrictive Torque Sensor
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The drive shaft of a vehicle transmits not only torque from the engine or motor, but also reaction torque from the wheel.

If accurately measured, information on the torque of the drive shaft could be utilized in powertrain control and vehicle

condition monitoring to extend cruising range, increase ride comfort, and ensure vehicle safety.

Here, we introduce a developed contactless torque sensor that uses inverse magnetostriction. With a compact

and robust structure for powertrain applications, the developed torque sensor offers superior mountability. The sensor

demonstrated accurate torque measurements for 1000 Nm of torque input on a shaft with an outer diameter of 40 mm

within a 4 % error.
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Evaluation of Steering Feel in the Off-Center Range

Using Physiological Characteristics
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The purpose of this study is to construct the quantitative evaluation method of steering feel based on the sensitivity

evaluation. In this study, we conducted experiments simulating and evaluating steering reaction torque characteristics in

the off-center range by a driving simulator. We performed principal component analysis of sensitivity evaluation values and

analyzed correlations with physiological indices. The results showed the strong correlation between electrocardiogram

LF/HF and LF/(LF+HF), which are sympathetic nerve activity index, and comfort, which shows the possibilities of more

concentrated driving with favorite reaction torque characteristic.
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Table 1 Sensitivity evaluation words

Basic Abstract
emotion Evaluation words
f le (DLW
Comfortable (D : - Controllable
(RELPITLY)

- Frisky (BR7%)
- Luxury (EE#)
- Cheep (ZolELY)

Uncomfortable (NVIR7E)

- Good Sense of unity with vehicle (BBili&D—#FENDD)
- Increase rate of steering torque is linear

(RfE ML DU Z7P NS D)

- Easy to estimate vehicle' s behavior

(EmEEHFALPILY)

- Lumpy (Jv3w k)

Awake (EDEHDKDH) | - Active CEBINNK)
- Stretchy (fRUPHE)
- Cleared (g>&ED L)

- Strong (F138L)Y)

Sleepy (BR<7%E3)

- Steering torque of on-center is heavy/light

IO BHHEN,EELY)

- Steering retaining torque is heavy/light (RIEDEL)EW)

Excited (h<H<F3) - Attractive (E/897%)
- Sporty (AR—F « %)
- Exactly (BWLEBDD)

- Monotony (85875)
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- Good vehicle reaction E@LENEL))
- Quick vehicle reaction (EMHENEL))

Relaxed (&5&ELC) - Regulated (#o712)
- Steady (REUT)
- Smooth CBSH7E)

- Delicate (FUor— 1K)

Frustrated (45429 2)

- Return easily (EL™TLY)

- Return quickly (RDAELY)

- Smooth counter steering (F1DIRUMAL—XRIK)
- Steering retaining easily ((RAEL L))
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K3 HFHE5ERX
——Heavy ST ~e=Light ST ~+-Lumpy ST Table 3 Eigenvalue list
Drivers Drivers
prefer heavy | prefer light
ST ST
PC1 | PC2 | PC1 | PC2
Eigenvalue 283 | 6.5 [ 291 6.2

Contribution rate (%) 744 | 170 | 76.7 | 16.3

Cumulative contribution
vyt UM 24 914 | 767 | 93.0

rate (%)
O : Drivers prefer heavy ST
O : Drivers prefer light ST
7 Z2RSA)\DPCI1ER
Fig. 7 PC1 scores of all driver
x4 HEDTRERGHE NS4/ \DdH)
Table 4 Correlation analysis result (Only evaluation drivers)
Basic emotion A B C D
R 0.700 —0.783 —0.043 —0.153
LF/HF

P value <.001 <.001 0.831 0.445

R 0.632 —0.738 —0.025 —0.243

LF/(LF+HF)
P value <.001 <.001 0.903 0.223
Basic emotion E F G H
R 0.288 —0.152 0.783 —0.442
LF/HF

P value 0.145 0.450 <.001 0.021

R 0.307 —0.082 0.714 —0.411

LF/(LF+HF)

P value 0.120 0.686 <.001 0.033

A DRV, B AR, C: BOREDDELIE D BESED. E: O<H<FdD. F REF G:&BEVC H:A4543592D
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Ball Bearings with Labyrinth Seal for Transmission Applications
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Photo 1 Ball bearings with labyrinth seal for transmission applications
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BOC Bearings with Resistance to Wear from Creep
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Development of Gen 4 High-Speed Ball Bearings for HEVs /EVs
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Large-Size T-HUB1 Bearings for Trucks
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Next-Generation Long-Life Planetary Shafts (SHJ7)
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Drawn Cup Needle Roller Bearings with Large Diameter for Electric/Hybrid Vehicles
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Photo 1 Drawn cup needle roller bearings with large
diameter
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Technical Trends in Bearings for Steelmaking Equipment

T. Nomura

Steel products are indispensable as basic materials that support economic activities and social life. Demand for steel is

expected to continue to increase steadily due to economic growth and population growth in emerging countries.

Due to growing environmental awareness in recent years, steelmakers are developing production methods and productivity

improvements to lessen environmental impacts while offering high-value-added products aimed at carbon neutrality.

Bearings for steelmaking equipment must improve production while offering long life and high reliability to reduce CO,.

Emissions.

Here, we summarize the problems facing bearings used in major steel production equipment and report on the latest

technological trends.
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QuickStopBearing™ for Dental Air Turbines

£~ QuickStopBearing™
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%

Y. Okazaki, M. Shirai i ¥
B &F

The COVID-19 pandemic has increased awareness of the risk of healthcare-associated infections and drawn focus to

the handling of medical devices that may come into contact with the human body. Bearings support rotation in all kinds of

medical devices, and post-use cleaning, disinfecting, and sterilizing create challenges for stable operation over the long-term.

Here, we report on the QuickStopBearing for dental air turbines—handpieces used for drilling, cutting, and other dental

treatments. Compared to conventional handpiece bearings, the newly developed QuickStopBearing has a revised bearing

seal structure and a significantly shorter duration of inertial rotation. These features help improve treatment efficiency, extend

service life, and reduce the risk of nosocomial infections by reducing the entry of foreign matter into the bearing.
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Evaluation of Lubrication Performance in Ball Screws &
Linear Guides by the Electrical Impedance Method (EIM)

J. Aoyama, A. Tsutsui

Applying the electrical impedance method (EIM) to ball screws and linear guides allows for the measurement of oil-film

thickness and metal contact ratio along with broad evaluations of lubrication performance inside the actual product, a feat

that was difficult until now.

Wiring inductance is greatly influenced by the characteristics of reciprocating motion, but by correcting for these in

calculations, we upgraded conventional EIM and improved measurement accuracy.

In addition, we propose a simple method to evaluate oil-film thickness and metal contact ratio using the reciprocal of

reactance and resistance per contact point. This helps to improve EIM and its convenience.

We evaluated lubrication performance inside actual products with various lubricants, surface properties, and operating

conditions and expect the improved EIM to be useful in extensive future applications.
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In 2020, the COVID-19 pandemic made face-to-face business and technical exchanges difficult. Therefore, in January
2021, we held “NSK VIRTUAL EXPQO”, a web exhibition to introduce newly developed products and technologies from NSK to

our customers.

In addition to online seminars with chat capabilities, we posted videos, explanations, and technical data to detail new

products and technologies.

After the session, the site was revised and updated to become permanent. Using the site, we continue to hold online

business and technical exchange meetings equivalent to those before the pandemic.
Here, we will provide an outline of the “NSK VIRTUAL EXPQO” site.
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Study on Simple Vibration Prediction Method for
Permanent Magnet Synchronous Motors and Applications

l. Nitta

Permanent magnet synchronous motors (PMSMs) are widely used across industries. In many applications, vibration
must be suppressed to improve processing accuracy and comfort.

Currently, magnetic-structural coupled analysis is used to reproduce vibration phenomena, but this is often used only as a
countermeasure for defects. Therefore, we devised a simple vibration prediction method using a 1D vibration model.

Here, we explain the mechanism for this method and offer an applied example of vibration suppression through current

control and adjustment of the magnetic circuit.
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Fig. 11 Vibration and torque ripple suppression
optimization results
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Establishment of an Integrated Automated Embryonic
Manipulation System for Producing Genetically Modified
Mice

H. Ueda, T. Eto, N. Tanaka
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Springer Nature KU, RIS EIEAREREMI-PRIF T DEREEERZ15 C. Scientific Report, 11 (2021) 11770, H
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Genetically modified mice are commonly used in biologic, medical, and drug discovery research, but conventional
microinjection methods used for genetic modification require extensive training and practical experience. Here we present a
fully automated system for microinjection into the pronucleus to facilitate genetic modification. We first developed software
that automatically controls the microinjection system hardware. The software permits automatic rotation of the zygote to
move the pronucleus to the injection pipette insertion position. We also developed software that recognizes the pronucleus
in 3-dimensional coordinates so that the injection pipette can be automatically inserted into the pronucleus, and achieved
a 94% insertion rate by linking the 2 pieces of software. Next, we determined the optimal solution injection conditions (30
hPa, 0.8-2.0 s) by examining the survival rate of injected zygotes. Finally, we produced transgenic (traditional DNA injection
and piggyBac Transposon system) and knock-in (genomic editing) mice using our newly developed Integrated Automated
Embryo Manipulation System (IAEMS). We propose that the IAEMS will simplify highly reproducible pronuclear stage zygote

microinjection procedures.
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4 [ position J [ Rotate zygote
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Finished set number
No of injections ?

1 BE(VIToyavIichBERIO—Fv—h
Fig. 1 Flowchart required for fully automated solution injection
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(A1) Electric manipulation system (EMS) )
Start button » Display
(A2) (B) (C) (D1)
) ) Controller > Electric Electric
Loyl (Computer) distribution board ) manipulator
(A3) | (D2)
Microscope ) Electric
camera sample stage
(D3)
=3 Electric pump
(E)
Microscope P Electric Injector
B2 /\—kDz7

Fig. 2 Hardware

N=RDI7F BEIN_E2L—Y3VIRTLAEBERA VI T IIDERSN, ASREGR), HIEHEEE),
HIEE (B) D 3 DDEBRERTHEMESND. /\—RUI 7@ D SESHAAINDE(A), HfEEDZED
ESZE#TL(B), B UICT—2 (o TEREBOMMZHIEL (C), EEHaR(D, BE)ZEEStEs. (D)EEV=
EalU—9E&ERY he 3 RTHNICERBSE (D1), BEEHBRAT —IIFRIEMDA o7 2 RITHICEE S

(D2), BEVRVTEIR—ILT 1V TERY bOREENZEESES (D3).

(B)BENA VI TUTFH5H Uik

EUEARRE, FAENZDNTCERZEA VI TIY3VFD. BE(VI o3 VTl (A1) OESHIY
FO—S(ICANEND E, BMEENAS (AI) THUS UIcEEMIRERICE DV TEEER (D, BE)D'EIETS. FE-
VI3 VTl BEERET A ATUA (P ZREDSI3ART 1 v (A2)ZRIEL, #iIfHIEE (B) [CIR(EE
BEAAUVCEESED. &, BIFEDFHTER (VI8 (B)ICEAERZEAITD.

=1

BEIY_E21U—3YRXF L(Electric Manipulation System : EMS) Dft#k

Table 1 Specifications of the electric manipulation system (EMS) device

Specifications

Electric manipulator

Electric sample stage

Electric pump

Stroke 20 mm 1179.09 pl
Resolution 0.1 um 0.0039 pl/step
Maximum velocity 5mm/s 5s™'

Driving method

5-phase stepping motor
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Fig. 3 Zygote position detection by the image
processing function in the EMS software
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Fig. 4 Sequencing functions in the EMS software
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2.2 HIi~NDERY MEADBENL
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Fig. 5 Procedure to fully rotate the zygote to move
the pronucleus to the injection pipette
insertion position
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Fig. 6 Procedure for detecting the height position of the center
of the pronucleus during automated solution injection
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Fig. 7 Injection pressure and injection duration
influence the zygote survival rate and
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Fig. 8 EGFP expression and gene transfer in genetically modified mice produced by 3 different methods
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VNE, 2MEOEBLFIENTADNESNE. Licho
T, INSDOFRETTIR, FEIAIT o3 vDh
D RWCEBGCTIENIAZERTEDENZD.
B I 10V a3V TIrERENEL, BLTFHE
EMEWLWC END, RABRDWNERZFDICHICE, B
B0 avCBITdH DNADFAEZEPT

traditional DI piggyBac TS knock-in
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Fig. 10 Survival and in vitro development of
zygotes injected into the pronucleus with
solutions used for 3 different genetic
modifications
BE) I3V TR, FAENZINT 30 hPa ICEEL.
AEABEZ traditional DI (& 0.8 s &/cld 1.6 s, piggyBac TS &K

WMEBNH S EHNRBEIND.

RIC, piggyBac TS £ Cld, Bl 1o 3
~ CEABSE 1.6 8) BKLUFEFHA I3V T
Iofc. BEAIT O3 VTl 2BEDRE2
ng/ul, 10 ng/pl) @ DNA ZFAL, FE+(>VIx

U knock-in (& 1.6 s £UJz. piggyBac TS Tl&, DNARE 2 ng/ul
FfclE 10 ng/ul DBEBRZEFER U, A VI T I 3 V/EDOEEFE (A)
BRU 2 MIEBENDREEE(B) (&, BEIA VI T I3V EFEHAY
JIUY 3B TCEREBEN o

K2 FRICAVI IO 3V UIEERBINDEGFERUFER
Table 2 Offspring and genetic modification of zygotes injected into the pronucleus with solutions used for 3 different
genetic modifications

Genetic L L DNA Number of .
L Injection Injection . : Genetically
modification ; concentration embryos Offspring (%) o
method time (s) modified (%)
method (ng/ul) transferred
0.8 1.5 117 23 (19.7) 0 (0.0)
Full auto
traditional DI 1.6 15 141 27 (19.1) 1(0.7)
Manual - 1.5 106 6(5.7) 2 (1.9)
1.6 2 110 20 (18.2) 3(2.7)
Full auto
piggyBacTS 1.6 10 108 24 (22.2) 9(8.3)
Manual - 2 114 26 (22.8) 4 (3.5)
Full auto 1.6 2 143 37 (25.9) 3(2.1)
Knock-in
Manual - 2 135 15 (11.1) 2 (1.5)
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223V 7TlE 2 ng/ul D DNA ZFAUTE. SZFE00
DEFFHRFZNZEN80.0 %, 82.7 %, 82.7 %,
H£3FE(F 917 %, 871 %, 919 BTHH, 3 DD%E
HETHEREIFED o (’10). E5IC, 2 ng/l
DO DNAZBWEG, BEA(VI T IV 3V EF
A VIOV 3VDELCTFREXRDERIFEML
TUWz (FNZEN 2.7 %HBKU 3.5 %) (F2). Fic,
DNA DREZ L7 5 ETTFHREENT LEUCIc8)
(10 ng/pl : 8.3 %), piggyBac'® [CKDELFHE
DN, BEA I 103V TCHBEIRAELRCE
PMEFES Nz, traditional DI 8 KU piggyBac TS
DERBERE, BEFA VI 17V 3V THELGTIHE
NORZERHTED EZTKT D,

knock-in 28 Cld, BHEIA I 103> CEAR
B 16 s)BRUOFEHAITIT3VT, 2ng/uld
DNA ZF A Ule. ZFEINDEFRIFZNZ180.9 %,
84.0 %, FAZH[F88.8%, 80.4 W CTHD, MEIC
BEEFED oz (B10). Ffe, YOARBREDEDS
NnicElaREEE Iy oy avhahaE<l (FNT
259 %. 1.1 %), BEGLFREXRIERE (TN
ZMN2.1%,1.5%)CTHolc(F2). TNODFERIF,
BEl( I 103V MREICKDELFHEE
NORZERHTED EZTKT D,

3. ER

KRIE, BIRANDEEA I ovaveéE, N
ZRWCELTFREN D ADERZO THRE L.
BT ZENOETCTFREFEFERDS. ELTF
WEFED1DICILT ORLV—Y 3 ViERDD
H "7, traditional DI®, piggyBac TS'®, AT #e&
15 (YACs. BACs. PACs)" Z{EMAUISEGTHEN
DADER(FHEEETHD. THBIC, T/ LAREICBSL
T, BLoF/vIoAVNE BT/ vIT7 D NI,
BLFYUERNINEMEEICHD Y. #HIIEIC DNAE
REAVITOVAVIDAEDRESINTVDY,
BIRISBRZA VI T O a Ve DEAEICHEN, EA
TEDELCFOERAICFHBRNDD ™ 0. DI ELD,
BIRICA YT 023V THAEF BROFEGTH
ZIGELCTWVWDEBZONDD, 1ERAECEH, S
HFEEOMETH . £C T, BLFIEN IR
ERT DD, BEMRIEI AT L=ZFEFELUR.

BE( I oy avETIHOTIO—Fv—h
ZIREIT DHIC, BARDEABUZIRET Ufc. 4800
ANDA VI T3 VEAIGES, fliaE 2 P BL
ORI CTHHN, traditional DI®, piggyBac TS &
KU knock-in? P IC L BBGFHREDRADRETIE,
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giIcA YT ovar LTl e, Ffe, traditional
DI (&, #MRRE~NAVI IOV avE{TDE, BT
WZEREE LR TFEES Y. &5(C, DNABRD
BEIF, FIMICA VI TOY3VTBRIBEERDD 20
B LB TDHEND D fcth, FREIFATRA
DAVIToOVaVETOR.

FIRICA VI T OV a v ERY NeEEITTHEAT D
fe8IClEF, HIENDORIDMEZ IEHEICERHM T @)
ENDd. €I T, BERMIERICERDMIITEAASHHE
BUEEDN) S, FIfD 2 XRITERZEDR#BITDY T
NO T FERFE U, BEIRE > TERICHSER
HIBICIE, WROWMEBHEFTHDENEECH
D, KARTIE, Z<OZIEINCTREBHAE(ICHEERT
EIRIME BIRAICTFE T 2D FEEDSVEE) Z
FEREERSMDNRE Ule. UD'L, 2 RITEERREREIC K
DAVITUOIVERY FOEBARNEE 70 %IC
EEFXof

TEMER CY MBS Z EER T D150, WRICERNEG D
TLWBKDICRADEH HEFREE) h'dd (B 6).
ZDfes, BIFUIERICR/INMEEA VI T o3y
EXw MOFRREINTVTH, ERDAEEERD#
IMEDBE T HBEDMEN—H U TWLEWEEDDD.
CODRREICKD, EEDORIEDESEA VI TIY 3
VERY hDOEEIHEDT, ALK UICEER T
ZI T, BB UEERNO/NEDIBEEDN S, 7l
O UBZHEL, 3RTTEEZR#HT DY T~
D1 7ZRFEUC (B6). &R, 3 RITEAEREIC K
B, AVITOYIVERY FOEARIIEIE 94 %
&, EREDBKRRICELEUEIZD, BLFIENYD
ADEHEFRTIE 3 RTTERZRHIT DY I T 7
ZER UK.

FHAITOTIVDBE, FIKIFEATE 30
~ 40 hPa, AR 1.0 s IN TR I DIE@ICH
2% FZT, EAEBE08sICEEL. FAE
7772 30 ~ 45 hPa FCEREN(ICEBINICE, EEE
AENZRET Uc. f&R, SZRBINDOEFERFEAES
1 30 hPa & 35 hPa ClIFREEE CTHD, 45 hPa T
BERICHA U, FAEHNZ 35 hPallEICT &
RBINDEGFEME NI DIEBICD oIelzsh, JEARG
DF&EI(E, JEAES%Z 30 hPa ICEEL TITofe. &
R, FAESH30 hPa, FARE20s Ty o
vavddE, FRIFTDEED 136 WICHERT D
B, SZREINOEFELICIFEAEFEZSITTVNC ED
bholc (B7). FAES30 hPa, JFAR 16 s
EEANETT 45 hPa, JFAES 0.8 s [CRDRIZDIE
REFEETHDHN, BETFZEIMDEFTERMEL
Holc. INE FAEANBVER, EAENHE
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WBEEEEDIAETCHO>CH, ZHEIMNEETD
AREMDEVEHEEZD Y. TDTEF, TED
RIFHEWEAEST, BEZMNITAIT o3>
ZIDIET, ZRBMOEFEND LT D EZRE
95, TIT, BILFRENDADERERTIE, F
AFEH%Z 30 hPa [CEEL, FAR/EZ 0.8 s O
FERICHEX LT o T,

FEAESI30 hPa, FARE 1.6 s TA I 103
VUREBIMOETFES LUREED, traditional
DI, piggyBac TS, knock-in DEEICEWNT, BH
AVITOIVIAVEFEA VI T IV IVICKELE
WEghofc (B10). BXRECERAULIBRIE <
NZNNBYHERLE > TULEfE®D, FAFEDEAL
TOBREDD, FARHDZEINDEFREFEFRZ
RETDEELERTHDEEZASND. traditional
DI Cl&, 1.5 ng/ul @ DNA B #&ZRW\WICEE 1 >~
Jrovav, FEAIIOVIVEDIC, DE
DEBELGFHEXDAULMESNEL . LWL
traditional DI Cl&, DNABAEDEEDIERICKD
BLFHEIBRIRDPZEH L TCVDRENDD V. 5%
(&, BLTFIENYDAERICNITT DNA BEDRE
%, IAEMS ZRUWCEHIULcL).

SHEINCARZEEA VI I VY a VI DA
INFETICTBLKONTHRESINTWVD. FIZEFE, BT
ST4wya? PyanIygo)\T? TlE fiE
NDEBA VI TV IVRREINTVLDH, &Ei:
FRERFERUTVEL. Ffe, BHECE, YOX
THIRBNDBE (Y 10y 3aVhsmESINTLD
H %, BLEFUENOFEFRFTINTLEN. &
R TlE, IAEMS ZAUVEERICKD, EHEED
BLFREAEACBVWTCHBEEH A I T I3 VIC
KO CELGTFIENDADMERTED T EZASHIC
Lic(F2).

4. REITE
4.1 9

SEAEONERENS Jel : BDF1 YO X ZER U (I : 8
~ 16 8k5, 1 1 12 ~20:8#). KBBEOLVET
YV hEJel - MCHYDR7ZFER U (i 10 ~ 16
BES). 2 CTONIRGEART U7HARENSEA
Ufc. XOXRIEFER22+05 7T, 'BEHBS £5 %,
FRIARMI”E S8 :00~20: 00 DEHTCTEHBELL,
TUYBKIUOKIIEHERTSA .

IRNTCOEYERERE, (R EREYHRITFEAT
EMEBRICK D THEIR N, Animal Research :
Reporting of In Vivo Experiments (ARRIVE) ®

A RTA VBKU (KRB EERENY) D RIFZTFT D A
RS A V(D> TSN,

4.2 SHEUNOIRE, FiERE, BiE

ZRENFANZREICTRR UL, AHNZRED 8 B
B, HSREEREEERVTCERBRELRE .
BRIEFRFIREOZREINE, I8 1 BERICAYIT
IJvavVIERURE. AVY oY a3y U=z
KSOM it 2” Tin vitro TIE&EL, BHDEH (10 :
00~12:00) [CLYEIY NIBHELE. IN5D
BIEICERINBRIE, 7—70 - UY—AM¥A =1t
hoEBAUL.

4.3 SHEWR~NDAVI IV I3V

IN—=RITT7IFEMS (X¥-MC0202-701-001 ;: H
ABELHAR) EBF I 0%5 (Femtojet 4i
Eppendorf AG) Z88##& (ECLIPSE Ti2-U ; ZO#k
A=) CESEUTERLE. (B2, BE1). EMS
&, JUPILBEICKDEEA VI T IFEEDED
WERZHIE T DIHDY T DT PHA VA M=)UE
NTHH, ZREMOAIBEZBENICAEL T DERIE
#eE (B 3), BERY FMEEARROZAEIHENE
ENCBEISE D, EARDZIENZIHREREENE
UL (R4 BENEFHINTVD. BiInFH
BN DRAERERTIE, gD A VI o 3vE
Ny hDEAZBEET SIS, LabVIEW 2017
for Windows (National Instruments, Austin) C
FRRCY T O ZEREL, BIFED EMS A
e IAEMS ZER U (B 1, 5, 6). IAEMS
FICEBNICEH UOFARECEAES, FAR™E)
T, BEA VIOV IVETOR. WRERICBF
AVITUY IV BRD/I\— RO T T7ZRAVNT,
IRTCFHTITo™.

BCDAVITOYIUNE R=ILT4TERY
b (512 o 100 um, RE@ 40 pm, HITAEE 30 °.
HD052010040 : U+ a—XF s v IHAat) &
AVITOIIVERY b (FGIRAE 45 °, R 1
um, HIFAE 20 °. DNA-102001 : b+ 3—X
T a4 v IR ZFERL T I AV YT o3
VDIEHDE ROy JIE, TSAFvITAwvIa
(351,006 : Corning Incorporated) M_E(C 20 pl M
M2 ##th (M7167 : Millipore Sigma) Z@~L, =
ZZ)LA A )L (M8410 : Millipore Sigma) T&E>T
EHUle, AV T UV 3 /RERICDE, 15~30
BOZREINZANWTERDRUITO . A1 Y10Y3
VERY RNOEADKSEE, AP0 3 /BE0R]
BB RZERTR T S EICkDIER UK.
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BEE1 BEIRIES AT A(ntegrated Automated Embryo Manipulation System : IAEMS)
Photo 1 Integrated Automated Embryo Manipulation System (IAEMS)

IAEMS [& EMS [((AEBEY=EalL—%, B)BEFHBRAT—Y, (OBFRVT, D)EXRE (B)IVHO—3 PBEMEHNXS, (Q)FT«+RXTL
1. HY3A4RT«1vT], NBEAVITIS, BRU(DEHENSEREND. I ~O—3IF Windows AD LabVIEW VT bD T 7HA VR b—

LENTHD, SHEDOHEICEAIND.

4.4 BICFIREVYAERBADBRAR

traditional DI, piggyBac TS &&U knock-in T
FRULCAROMERZR 8 C/~J. traditional DI
TlE, REBEAYVI\IEZREIE D pEGFP-N1
(Clontech : Mountain View) 7 Asel il BR B 5
(NEB : lpswich) TH#IEZ1TULY4.7 kb D DNA K
FZEERL, XOLU7—ET7U—0K (Promega :
Madison) T15ngullC &R UL CTHER U &
piggyBac TS T (&, piggyBac X 7 4 — (1.33
ng/ul Ffzld 6.66 ng/ul) BRU SV ARI AN
2%9— (0.66 ng/ul F/zld 3.33 ng/ul) ZZNZEN
2 ng/ul BXU 10 ng/pl DERE CEERBIEKITHA
#BUCTERU. knock-in Tl&, “EiEffilRZHEN
[CEBTCTFRESEC/ vIA NIRRT D6
C, =TT 142 IXT5— (Vasa-P2A-EGFP) 7=
ER U CEAR L.
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4.5 BEFUEYDADEN

traditional DI & piggyBac TS (XE#kDJ57E CHE
HLle. BEFHENYDRICHITD EGFP &#HAED
HIR(F, UVIEME (VB-6000 : MA=tt+F—T v
A) [CKbafR b LTz, knock-in (&, SEFEMEDH
EGFP &AM FEIREUL TSIz, INEFKIFIBEIC
FIMFZERH U CalRIE UTc (SZX16 ;0 A4 1U ) Uk
XEtt). FRYDADEGFRHERX, WIFNDE
BOHREmOEBEZANT PCR#B&EZITOI.

4.6 HRETEEAT

SZREINOEFRE 2 HIRENDRERDEERE
R(F, Fi9 £ ZFHERETKL, ERDAZERL
FRICtBREZAWVLWTHRE@BTZiTo/lc. IXTD
DIICHBNT, P<0.011&F HEWERMZRT
EHE LT, EBRT—YDENIE, BEETY 7 b
Statceld (BRR&HA—IAIRHR)ZRALE.
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Photo 1 Deep groove ball bearing with bioplastic cage
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Fig. 1 Utilization of real digital twins
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Fig. 2 Evaluation results for bearing function

NSK Technical Journal No. 695 (2023) 113



NSK

Bl
BT SagsETLRARERTVF1S5EHZ(BEAW)
ngh Load Capacity Angular Contact Ball Bearings with Pressed Steel Cage (BEAW)

L DEFEEWClE, SWMEREME, XVTFVAD
BES, SVZVIIAXNOHIE, BEIRILF—PIR
BICELLWIEDEKRSNTNS.

CDICHEREBICERSN MRS, BIEDMEE
[ EHRHSN TS, NSKIF, ZDOZ—XITA
B, EEEMONARY T, FEMEEEE TE
L<EASNTWVWBS T VR RR 7 VF 15 F#MRI(C
DWC, BRIk (BW 54 7) [SHULT, EIC

SEEREZRRELCY VF15E#MZ (BEAW &
147) (BE1) ZHFELBERIELZDT, MUMIHE
ZHEINT B.
N BE1 s8a88 7 UVARRSR VF15E%= BEAW
1. 18Rk, 88, BKUHEE Photo 1 High load capacity angular contact ball
Wt o FnEREREATLL (B 1), EESIE bearings with pressed steel cage (BEAW)
Uliceama8 7 U ARESR 7 VF 15 TMZ ZF

Ulz. &z, ARBIERROREEZBE LS
ET, BERBOIRDOERMEDD LICEIT D.

2. BR
BEEERETUVARER7 VF 1T FHMZTOREZ
LIRITRT. ek BIRE
(1) 85 | LHHERSBLL 1.2 ~ 1.6 15 N —
IRERELTDILEICKD, Sfthekmit 1.2 ~ Fig. 1 Cross-sectional view of conventional product
1.6 BORFmbZER L. SAVT7 v ITUIYA and new product

X80 L10 FHos (ENGEd) DIERmEZR 2 ([SRY .
Fle, ARREIERROEFGNIERRZR 3 (CRT.
(2)smmEn it

IHERmEER U T, NiERIFSRDT THZIE
PU (BE2), BEHOEEENSHIECRRLIE 1.4 & 1o
[CEtUrz(R4).

FRRICKD, EEHDREEPRANROE _EH
HFSN, BEREOEDERMEDE LICERT .

L10%den RFE@RACER

3. H& "0 2307 7308 7300 7310 7311 7312 7313 7314 7315 7316
ARTIE, AR T OB ED—RESE A T
BRI ORI <f@ﬁﬁt“35 ~ 2 WEYAZED 10 HRLE
A U—=X[F AWE3D MM ~80 mm=z>A~ Fig. 2 L10 life comparison by bearing size
PyvIUlED.

114 NSK Technical Jowrnal No. 695 (2023)



NSK

40 000

30 000

Fr= 100N

Fa=7 000 N
N =3 600 min™’

33 485

20 000

L105F4p [hr]

10 000

E3 L10

22 357 ‘

1.5fZ

o
(BW)

FapLb® Al (7310)

k)
(BEAW)

Fig. 3 L10 life comparison (7310)

Pm & RIFaRD I EFIE

RS
(7310BW)

BE2 NRIRFEDOT EFTHER
Photo 2 Comparison of clearance between inner ring

¥R

(7310BEAW)

and cage
15
C14 VG68,50 mL
EE ' E R
s EREEE 4. F&EH
7 . -
J R BARSETLUARRERT U+ 1S5 TMmE BEAW
< " & EEHLICEBAYTF Y RABEDER PS> =
b 1 N Wl N N [y
o >R bOHEERTIEE DIRBEDIEDF CED.
T FIe. BBHORENL Hh SHEBEDEELD
ek F%m BLELTWS.
T — Hmld—REREBAE U CRLEATHZL
HE — X -
N7 = o= )=
Fig. 4 Oil penetration speed (7310) PCE, MBEOFTFTHL HORREIA S%Mm
U CEMT 2.
x1 FARRBEAW YA T)DSA>V7 v T EFETR
Table 1 New product (BEAW) lineup and specification table
B3 [mml EARTEREE A EIERE EARTENSEE A Bl
’ (&51)) [N] (&31) [min~"] (##E1E) [N] (&) [min~]
r ri wtamem | YA e | 2R
d D B &) | @1 Cr Cor SHEE 58 Cr Cor JHEE 58
7307BEAW | 35 | 80 | 21 1.5 1 40 500 | 24 400 | 7500 | 5600 | 65500 | 49000 | 6000 | 4500
7308BEAW | 40 | 90 | 23 | 15 1 53 000 | 33000 | 6 700 | 5000 | 86500 | 65500 | 5300 | 4000
7309BEAW | 45 | 100 | 25 | 15 1 62 500 | 39 500 | 6 000 | 4 500 [102 000| 79500 | 4800 | 3600
7310BEAW | 50 | 110 | 27 2 1 78 000 | 50 500 | 5600 | 4 000 {127 000|101 000| 4 500 | 3200
7311BEAW | 55 | 120 | 29 2 1 89 000 | 58 500 | 5000 | 3600 |145000(117 000| 4 000 | 3000
7312BEAW | 60 [130 | 31 | 2.1 1.1 |102 000| 68 500 | 4 500 | 3400 |166 000|137 000| 3800 | 2600
7313BEAW | 65 [140 | 33 | 2.1 1.1 114 000| 77 000 | 4 300 | 3200 {184 000|154 000| 3400 | 2400
7314BEAW | 70 [150 | 35 | 2.1 1.1 124 .000| 87 500 | 4 000 | 2 800 {201 000{175000| 3200 | 2400
7315BEAW | 75 [160 | 37 | 2.1 1.1 |134 000| 98 500 | 3800 | 2 800 (217 000|197 000| 3 000 | 2200
7316BEAW | 80 [170| 39 | 2.1 1.1 |144 000|110 000| 3400 | 2 600 {235 000{220 000| 2 800 | 2000
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